Abstract: Xinjiang's industrial sector accounted for more than 80% of the total energy-related carbon emissions. A further understanding of each industrial sub-sector's carbon intensity is very necessary to make differentiated policies and measures. This paper applied index decomposition analysis and attribution analysis to examine the influencing factors and each sub-sector's contributions to the changes in influencing factors. The results demonstrated the following: (1) energy intensity effect contributed most to the decreases in industrial carbon intensity, and mining and quarrying, foods and tobacco, and other manufactures were the most representative industrial sub-sectors; (2) energy structure effect showed a positive effect on industrial carbon intensity, but its effect was not significant, and fuel processing, smelting and pressing of metals, metal products, and textile were mainly responsible for the increases in energy structure effect; (3) industrial structure effect showed significant fluctuations, but its accumulative effect promoted the increases in industrial carbon intensity, and fuel processing, mining and quarrying, and textiles were the main sub-sectors, which exerted negative effects on the decreases in industrial structure effect; (4) fuel processing, smelting and pressing of metals, and mining and quarrying significantly influenced these three decomposed factors from 2000 to 2014; (5) since 2009, energy-intensive sub-sectors increased rapidly, and the energy structure was not optimized, while attention was not paid to controlling the energy efficiency, thus all decomposed factors promoted the increases in industrial carbon intensity; and (6) mining and quarrying, textiles, fuel processing, and transport equipment were primarily responsible for the increases in energy structure effect. Fuel processing, chemicals, and smelting and pressing of metals were primarily responsible for the increases in energy intensity effect. Fuel processing, chemicals, smelting and pressing of metals, and other manufactures were primarily responsible for the increases in industrial structure effect.
Introduction
Global warming has become a recognized environmental problem in the world, and fossil energy-related carbon emissions are the main greenhouse gases [1] . China has become one of the reduction is usually allocated through administrative regions [55] . Xinjiang is a relatively less developed region in China, but it is developing rapidly because of some strategic opportunities such as 'Western Development', and 'the Belt and Road'. As an important energy base, energy resources contributed greatly to its economic development. Meanwhile, its environment began to face serious challenges. Therefore, slowing down the carbon emissions without negatively influencing the socio-economic development is the biggest challenge faced by Xinjiang. Some scholars had paid attention to Xinjiang's carbon emissions, e.g., Wang and Wang (2015) used the input-output structural decomposition analysis to uncover the influencing factors of Xinjiang's carbon emissions and found that per capita GDP contributed most to the increases in carbon emission [56] ; Wang et al. measured the influencing factors of Xinjiang's carbon emissions by means of an extended STIRPAT model based on an IPAT identity and indicated that economic growth and fixed assets investment contributed most to the increases in carbon emissions after 2001, and carbon intensity showed a significant negative effect [25] . The previous studies did not pay attention to the sub-sectors' contributions to the driving factors. This paper applied the attribution analysis to analyze the individual industrial sub-sectors' contribution to the driving factors, which can help make differentiated recommendations.
From 2000 to 2014, Xinjiang's industrial sector accounted for more than 80% of the energy-related carbon emissions, and the proportion shows an increasing trend. Thus, the industrial sector is the key sector to slow down the carbon emissions. This study aimed to firstly apply the Sato-Vartia Logarithmic Mean Divisia Index (LMDI) method to analyze the industrial carbon intensity. Then, based on the decomposition results, attribution analysis was applied to exploring the contributions of each industrial sub-sector to each influencing factor. The Sato-Vartia LMDI method, attribution analysis method and the estimation approach of industrial carbon emissions are shown in section Appendix A. Compared with the results of decomposition analysis and attribution analysis, some recommendations were proposed for Xinjiang.
Empirical Analysis

Sato-Vartia Index Decomposition Analysis
This paper decomposed the industrial carbon intensity changes into the effects of energy structure (D es ), energy intensity (D ei ) and industrial structure (D is ). A multiplicative Sato-Vartia LMDI method was applied to examine these effects, and the results are shown in Figure 1 .
As indicated in Figure 1 , Xinjiang's industrial carbon intensity dropped by only 6.4% from 2000 to 2014. According the accumulative effects of three decomposed factors, the energy intensity mainly exerted a positive effect on decreases in the industrial carbon intensity, and industrial structure and energy structure mainly exerted negative effects. From 2000 to 2014, in most years, energy intensity effects were less than 1, and the accumulative effect of energy intensity was 0.748. It illustrated that the energy intensity was the main driving factor, which caused the decrease in industrial carbon intensity, and the industrial carbon intensity decreased by 25 .2% owing to the changes in energy intensity during the study period. The accumulative effect of the industrial structure exceeded 1, and it illustrated that industrial structure exerted a negative effect on the decrease in industrial carbon intensity. Industrial structure changes was the main factor, which hindered the decreasing trend of carbon intensity. Energy structure effect in lowering industrial carbon intensity was not obvious, and its accumulative effect was only 1.031; nevertheless, it also hindered the decrease in industrial carbon intensity.
Compared with the other two decomposed factors, the annual energy structure effect did not influence the carbon intensity obviously. As seen in Figure 1 , the fluctuation of energy structure effect was every small, and the values was approximately equal to 1. It illustrated that the impact of energy structure was relatively small during the period of 2000-2014. Xinjiang's energy supplies were dominated by coal, and coal was also still the main energy source for the industrial sectors. Since 2005, the proportion of coal had also been increasing slowly. Therefore, energy structure was not optimized.
The reliance on coal in industrial sectors had caused high carbon emissions in Xinjiang, and it also hindered the decrease in industrial carbon intensity. In the future, optimization of industrial energy structure would exert an important influence on industrial carbon intensity.
The values of energy intensity effect exceed 1 during 2005-2006 and 2010-2011, which meant that the energy intensity negatively influenced the decreases in industrial carbon intensity. However, the energy intensity promoted the decreases in industrial carbon intensity during the other 12 years. It indicated that energy intensity was the most important factor which reduced the industrial carbon intensity. In addition, according to the accumulative effect of each factor, the contributions of energy intensity effect were more than those of energy structure effect and industrial structure effect.
Although the accumulative effect of industrial structure exceed 1, the annual industrial structure effect was not stable. The trend of industrial structure effect showed significant fluctuations. The values of industrial structure effect in 2003-2006 and 2010-2011 were less than 1, and the values exceed 1 during other years. Since the implementation of "Western Development", Xinjiang's industrial sectors increased rapidly. Xinjiang had been readjusting its industrial structure for rapid development [57] , therefore, the added value ratio between non-energy-intensive industries and energy-intensive industries remained unstable. However, Xinjiang began to be defined as the national energy strategic base from 2010. Based on the rich energy resources, energy-intensive industries increased rapidly in recent years. Therefore, the industrial structure was the main factor that hindered the decrease in Xinjiang's industrial carbon intensity.
Sustainability 2017, 9, 459 4 of 17 optimized. The reliance on coal in industrial sectors had caused high carbon emissions in Xinjiang, and it also hindered the decrease in industrial carbon intensity. In the future, optimization of industrial energy structure would exert an important influence on industrial carbon intensity. The values of energy intensity effect exceed 1 during 2005-2006 and 2010-2011, which meant that the energy intensity negatively influenced the decreases in industrial carbon intensity. However, the energy intensity promoted the decreases in industrial carbon intensity during the other 12 years. It indicated that energy intensity was the most important factor which reduced the industrial carbon intensity. In addition, according to the accumulative effect of each factor, the contributions of energy intensity effect were more than those of energy structure effect and industrial structure effect.
Although the accumulative effect of industrial structure exceed 1, the annual industrial structure effect was not stable. The trend of industrial structure effect showed significant fluctuations. The values of industrial structure effect in 2003-2006 and 2010-2011 were less than 1, and the values exceed 1 during other years. Since the implementation of "Western Development", Xinjiang's industrial sectors increased rapidly. Xinjiang had been readjusting its industrial structure for rapid development [57] , therefore, the added value ratio between non-energy-intensive industries and energy-intensive industries remained unstable. However, Xinjiang began to be defined as the national energy strategic base from 2010. Based on the rich energy resources, energy-intensive industries increased rapidly in recent years. Therefore, the industrial structure was the main factor that hindered the decrease in Xinjiang's industrial carbon intensity. 
Attribution Analysis
Attribution analysis was applied to explore the attribution of Xinjiang's industrial sub-sectors to the changes in each influencing factor, and the results were shown in Figure 2 and Tables 1-3 .
The attribution results of energy structure effect were shown in Figure 2 and Table 1 . The multiperiod attribution results in Figure 2 indicated that energy structure hindered the decrease in industrial carbon intensity, and the accumulative contribution was 3.19%, which was far less than other two decomposed factors. Fuel processing, smelting and pressing of metals, metal products, and textile were mainly responsible for the increase in energy structure effect. Their accumulative contributions were 10.99%, 7.07%, and 5.17%, respectively. In 2000, these three sub-sectors consumed 12.51% of the total coal, but the proportion became 36.26% in 2014. These three sub-sectors' increasing coal consumption hindered the decrease in industrial carbon intensity. Additionally, the accumulative contributions of general and special purpose machinery, production and supply, electrical machinery and equipment were −8.23%, −5.80% and −5.46%, and these three sub-sectors were the main contributors in hindering the increases in energy structure effect. According to 
The attribution results of energy structure effect were shown in Figure 2 and Table 1 . The multi-period attribution results in Figure 2 indicated that energy structure hindered the decrease in industrial carbon intensity, and the accumulative contribution was 3.19%, which was far less than other two decomposed factors. Fuel processing, smelting and pressing of metals, metal products, and textile were mainly responsible for the increase in energy structure effect. Their accumulative contributions were 10.99%, 7.07%, and 5.17%, respectively. In 2000, these three sub-sectors consumed 12.51% of the total coal, but the proportion became 36.26% in 2014. These three sub-sectors' increasing coal consumption hindered the decrease in industrial carbon intensity. Additionally, the accumulative contributions of general and special purpose machinery, production and supply, electrical machinery and equipment were −8.23%, −5.80% and −5.46%, and these three sub-sectors were the main contributors in hindering the increases in energy structure effect. According to Table 1 , energy structure effect contributed most to the changes in industrial carbon intensity in 2009. Mining and quarrying, textile, transport equipment were primarily responsibility for the sudden increase in energy structure effect. Besides, what needs to be emphasized is that the results of 2002 in Table 1 were relatively smaller, because the results were expressed to a precision of two decimal place, thus all results of 2002 in Table 1 showed 0.00.
Sustainability 2017, 9, 459 5 of 17 transport equipment were primarily responsibility for the sudden increase in energy structure effect. Besides, what needs to be emphasized is that the results of 2002 in Table 1 were relatively smaller, because the results were expressed to a precision of two decimal place, thus all results of 2002 in Table  1 showed 0.00. The attribution results of energy intensity effect were shown in Figure 2 and Table 2 . The accumulative contribution of energy intensity effect was −25.20%, which also meant that energy intensity was the leading contributor to promote the decrease in carbon intensity. Fuel processing, textile, and timber and furniture were the only three sub-sectors which hindered the decrease in energy intensity effect. Compared with other two sub-sectors, fuel processing's influence was much larger, and it illustrated that fuel processing was the key industrial sub-sector to reduce the energy intensity. The accumulative contributions of other sub-sectors were all negative, and all these sub-sectors promoted the decrease in energy intensity effect. Mining and quarrying, foods and tobacco, and other manufactures were the main contributors to the decrease. According to the single-period attribution results in Table 2 pressing of metals mainly contributed to the short-term increase in industrial energy intensity, while in 2011, the fuel processing was principally responsible among the various sub-sectors. These two subsectors were all belong to energy-intensive industries. This paper compared the growth rates of these two sub-sectors' industrial output and energy consumption. It observed that the growth rate of each sub-sector' energy consumption was larger than its corresponding industrial output. Therefore, it illustrated that a sudden increase occurred in production capacities of these two energy-intensive industries, while the energy efficiency was not paid attention to be controlled [46, 58] . The attribution results of energy intensity effect were shown in Figure 2 and Table 2 . The accumulative contribution of energy intensity effect was −25.20%, which also meant that energy intensity was the leading contributor to promote the decrease in carbon intensity. Fuel processing, textile, and timber and furniture were the only three sub-sectors which hindered the decrease in energy intensity effect. Compared with other two sub-sectors, fuel processing's influence was much larger, and it illustrated that fuel processing was the key industrial sub-sector to reduce the energy intensity. The accumulative contributions of other sub-sectors were all negative, and all these sub-sectors promoted the decrease in energy intensity effect. Mining and quarrying, foods and tobacco, and other manufactures were the main contributors to the decrease. According to the single-period attribution results in Table 2 , Xinjiang's industrial energy intensity fell most years, expect for 2005-2006 and 2010-2011, when energy intensity increased significantly. In 2005, 2006 and 2010, the smelting and pressing of metals mainly contributed to the short-term increase in industrial energy intensity, while in 2011, the fuel processing was principally responsible among the various sub-sectors. These two sub-sectors were all belong to energy-intensive industries. This paper compared the growth rates of these two sub-sectors' industrial output and energy consumption. It observed that the growth rate of each sub-sector' energy consumption was larger than its corresponding industrial output. Therefore, it illustrated that a sudden increase occurred in production capacities of these two energy-intensive industries, while the energy efficiency was not paid attention to be controlled [46, 58] . Note: 1-Mining and quarrying; 2-Foods and tobacco; 3-Textile; 4-Timber and furniture; 5-Pulp and paper; 6-Fuel processing; 7-Chemicals; 8-Non-metallic mineral products; 9-Smelting and pressing of metals; 10-Metal products; 11-General and special purpose machinery; 12-Transport equipment; 13-Electrical machinery and equipment; 14-Production and supply; 15-Other manufactures. Note: 1-Mining and quarrying; 2-Foods and tobacco; 3-Textile; 4-Timber and furniture; 5-Pulp and paper; 6-Fuel processing; 7-Chemicals; 8-Non-metallic mineral products; 9-Smelting and pressing of metals; 10-Metal products; 11-General and special purpose machinery; 12-Transport equipment; 13-Electrical machinery and equipment; 14-Production and supply; 15-Other manufactures. Table 3 . Single-period attribution results of industrial structure effect in Xinjiang (base = previous year) (Unit: %). Note: 1-Mining and quarrying; 2-Foods and tobacco; 3-Textile; 4-Timber and furniture; 5-Pulp and paper; 6-Fuel processing; 7-Chemicals; 8-Non-metallic mineral products; 9-Smelting and pressing of metals; 10-Metal products; 11-General and special purpose machinery; 12-Transport equipment; 13-Electrical machinery and equipment; 14-Production and supply; 15-Other manufactures.
The attribution results of industrial structure effect were shown in Figure 2 and Table 3 . The accumulative contribution of industrial structure effect was 21.21%, which also meant that industrial effect was the main contributor to hinder the decrease in industrial carbon intensity. Smelting and pressing of metals, chemicals, and other manufactures were the main sub-sectors significantly contributing to the result. In contrast, fuel processing, mining and quarrying, and textile were the main sub-sectors which exerted negative effects on industrial structure effect. According to Table 3 , the industrial structure effect contributed most to the changes in industrial carbon intensity in 2008. Fuel processing's contribution was much larger. In 2007, the industrial output of fuel processing was only 0.69 million Yuan, but the industrial output reached 2.19 million Yuan in 2014, therefore, the industrial output grew by 3.17 times. The sudden boom in industrial output of fuel processing promotes the increase in energy consumption. This may be the reason for the sudden increase in the contribution of fuel processing.
Discussion
By applying the attribution analysis method, each sub-sector's contribution to the decomposed factor of Xinjiang's industrial carbon intensity during 2000-2014 was examined. Fuel processing, smelting and pressing of metals, and mining and quarrying significantly influenced these three decomposed factors. As shown in Figure 2 , the values of mining and quarrying' decomposition factor effects were all negative, which meant that it promoted the decreases in Xinjiang's carbon intensity. Xinjiang is rich in mineral resources, which helps mining and quarrying become the main industrial sub-sector. The mining and quarrying's production capacities had been growing, meanwhile its energy efficiency had also been improved. Besides, Xinjiang had been readjusting its industrial structure, and the proportion of mining and quarrying had also been felling. Therefore, mining and quarrying contributed the decreases in industrial carbon intensity. Fuel processing, and smelting and pressing of metals were absolutely Xinjiang's energy-intensive industries. During the study period, these two sub-sectors consumed 49.59% of the total industrial energy consumption, while their added value only accounted for 15.24%. Fuel processing hindered decreases in energy structure effect and energy intensity effect, and promoted decreases in industrial structure effect. In the following years, it needs to optimize fuel processing's energy structure and improve its energy efficiency. Smelting and pressing of metals hindered decreases in energy structure effect and industrial structure effect, and promoted decreases in energy intensity, and it needed to optimize its energy structure and control its proportion properly.
Xinjiang's industrial carbon intensity did not show a general decreasing trend from 2000 to 2014. The trend of Xinjiang's industrial carbon intensity can be divided into three stages (Figure 1 ). Before 2002, the values of total effect exceed 1, which meant that the industrial carbon intensity increased. During 2003 During -2008 , the values of total effect were less than 1, which meant that the industrial carbon intensity decreased. Since 2009, the values of total effect exceed 1 again, and thus Xinxiang's industrial carbon intensity showed an increasing trend again. In the first stage (2000-2002) , the accumulative effects of energy structure and energy intensity promoted the decrease in industrial intensity. But the accumulative industrial structure effect hindered the decrease, and it contributed most to the changes. In the second stage (2003) (2004) (2005) (2006) (2007) (2008) , the accumulative effects of all decomposed factors promoted the decrease. But in the third stage (2009) (2010) (2011) (2012) (2013) (2014) , the accumulative effects of all decomposed factors exerted positive effects on increase in industrial carbon intensity. Therefore, this paper will emphatically explore the reasons for the increase in industrial carbon intensity, and it is also important for Xinjiang to slow down or even reduce carbon emissions from the respective of industrial sector. According to Table 1 , energy structure effect showed positive effects in 2009, 2011, and 2013. Mining and quarrying, textile, fuel processing, and transport equipment were primarily responsible for increases in energy structure effect. According to Table 2 , energy intensity effect positively influenced the increases in industrial carbon intensity in 2010 and 2011. Fuel processing, chemicals, and smelting and pressing of metals were primarily responsible for increases in energy intensity effect. According to Table 3 , industrial structure effect promoted increases in industrial carbon intensity in 2009, 2012, 2013 and 2014 . Fuel processing, chemicals, smelting and pressing of metals, and other manufactures were primarily responsible for the increases in industrial structure effect.
Conclusions and Policy Implications
Xinjiang's industrial sector accounts for more than 80% of the energy-related carbon emissions, and the proportion shows an increasing trend from 2000 to 2014. Therefore, industrial sector should be primarily responsible for slowing down or even reducing carbon emissions. In order to further understand the changes in Xinjiang's industrial carbon intensity, this paper applied Sato-Vartia LMDI method to explore the decomposed factors of industrial carbon intensity, and then applied the attribution analysis method to investigate the contribution of each industrial sub-sector to each decomposed factor. The main conclusions are provided as follows.
(1) Energy intensity effect was the main factor in promoting the decrease in Xinjiang's carbon intensity. Fuel processing, textile, and timber and furniture were the only three sub-sectors which hindered the decreases in energy intensity effect. Mining and quarrying, foods and tobacco, and other manufactures were the main sub-sectors contributed to the increases in energy intensity effect.
(2) Energy structure effect was not obvious, and its fluctuations were not obvious, but its accumulative effect showed positive effects on the increases in industrial carbon intensity. Fuel processing, smelting and pressing of metals, metal products, and textile were mainly responsible for the increase in energy structure effect; General and special purpose machinery, electric power, and gas and water production and supply, electrical machinery and equipment were the main contributors in hindering the increases in industrial energy structure effect.
(3) Industrial structure effect showed significant fluctuations, but its accumulative effect promoted the increases in industrial carbon intensity. Smelting and pressing of metals, chemicals, and other manufactures were the main sub-sectors significantly contributing to the decreases in industrial structure effect. Fuel processing, mining and quarrying, and textile were the main sub-sectors which exerted negative effects on the decreases in industrial structure effect.
(4) Fuel processing, smelting and pressing of metals, and mining and quarrying significantly influenced these three decomposed factors from 2000 to 2014. Since 2009, the industrial carbon intensity showed an increasing trend, and three decomposed factors all positively influenced the change. Mining and quarrying, textile, fuel processing, and transport equipment were primarily responsible for increases in energy structure effect. Fuel processing, chemicals, and smelting and pressing of metals were primarily responsible for increases in energy intensity effect. Fuel processing, chemicals, smelting and pressing of metals, and other manufactures were primarily responsible for the increases in industrial structure effect.
Based on the above findings, some policy recommendations were proposed as follows:
(1) Readjusting industrial structure is necessary. Since the implementation of "Western Development", other regions regarded Xinjiang as their energy suppliers [57] . As one of the most important energy bases, energy-intensive industries, such as mining and quarrying, fuel processing, and chemicals, have been accounting for a larger proportion in Xinjiang. Therefore, Xinjiang needs to change its economic development model. Currently, energy-intensive industries are Xinjiang's main sub-sectors, and rich energy resources favor the development of energy-intensive industries. Therefore, it is much difficult to change the dominant role of energy-intensive industries in the short term. On one hand, it needs to make periodic plans to decrease the proportion of energy-intensive industries. Fuel processing, mining and quarrying, and textile are the main sub-sectors which should be control their production capacity. On the other hand, some effective policies, such as subsidy and tax, can be adopted to support other sub-sector's development, especially the high-tech industries. Besides, the central government needs also to encourage developed regions to aid the non-energy-intensive industries.
(2) It needs to make differentiated policies to improving the energy efficiency of different sub-sectors. Energy intensity effect was the main contributors to decrease the industrial carbon intensity, but various sub-sectors' contributions were also different. Energy efficiency of some sub-sectors, such as fuel processing, smelting and pressing of metals, metal products, and textile, has been improved over the study period, while energy efficiency of general and special purpose machinery, production and supply, electrical machinery and equipment has been reduced. Therefore, differentiated policies are required to improving the energy efficiency. As for the industrial sub-sectors that energy efficiency is improved, it proves that the original policies are effective, and they can still be encouraged. As for other industrial sub-sectors that energy efficiency is reduced, new policies or measures are required. For example, more attention should be paid to the scientific and technological innovation, and advanced technology or low-carbon technology should be introduced.
(3) It is also important to optimize the energy structure. Although the accumulative energy structure effect was relatively smaller, its potential was enormous. Xinjiang's industrial energy structure dominated by coal, and the proportion of coal has not decreasing since 2005. Although some industrial-sectors, such as general and special purpose machinery, production and supply, and electrical machinery and equipment, contributed most to the decreases in energy structure effect, coal also accounted for a larger proportion in their energy structure, and it also needed to promote the proportion of clean and renewable energy. Other industrial sub-sectors, such as fuel processing, smelting and pressing of metals, metal products, and textile, promoted the energy structure effect, and it also indicated that their energy structure had not been optimizing, and it must optimize these sub-sectors' energy structure. Author Contributions: All authors contributed equal to this work. In particular, Xinlin Zhang developed the original idea for the study and conceived of the designed the methodology. Xinlin Zhang drafted the manuscript, which was revised by Yuan Zhao. All authors have read and approved the final manuscript.
Conflicts of Interest:
The authors declare no conflict of interest.
Appendix
Due to the theoretical foundation, adaptability, ease of use, and ease of result interpretation [27] , the LMDI method is applied by a great many scholars. This study also used the LMDI method to decompose Xinjiang's industrial carbon intensity. Based on the Kaya identity, the carbon intensity in Xinjiang's industrial sectors can be expressed as follows:
where CI denotes the industrial carbon intensity; C denotes the industrial carbon emissions; G denotes the total added value of Xinjiang's industrial sector; C ij denotes the carbon emissions from the consumption of energy j by sub-sector i; E ij denotes the consumption of energy type j by sub-sector i; and G i denotes the added value of sub-sector i.
Appling the multiplicative Sato-Vartia LMDI method [59] , the industrial carbon intensity changes for year t − 1 to year t can be decomposed as Equation (A2).
where DA denotes the total effect; D ce denotes the carbon emission coefficient effect, referring to the carbon intensity change caused by the emission coefficient; D es denotes the energy structure effect, referring to carbon intensity change caused by the energy structure; D ei denotes the energy intensity effect, referring to the carbon intensity change caused by the energy intensity; and D is denotes the industrial structure effect, referring to the carbon intensity change caused by the industrial structure. Applying the Sato-Vartia function can calculate these following influencing factors:
where w S−V ij denotes the weight of energy j in industrial sub-sector i, and it can be defined as Equation (A7). L(x,y) is the logarithmic average of two positive numbers. It can be calculated by the function L(x,y) = (y − x)/ln(y/x), x, y are positive numbers, and x = y.
Applying Equations (A3)-(A6) can obtain the single-period decomposition results. The accumulative effect of the multi-period period from year 0 to year T can be derived from the single-period results as follows:
In order to explore the contributions of Xinjiang's industrial sub-sectors to the effects of different influencing factors, the attribution analysis method [44] is adopted. The single-period attribution analysis of each influencing factor is shown as follows:
where D t−1,t − 1 denotes the single-period change of a relative decomposed factor, and it can further be decomposed as the contributions of industrial sub-sectors;
denotes the contribution of industrial sub-sector i to the changes in a decomposed factor from year t − 1 to year t. Equations (A9)-(A12) represent the single-period contributions of each industrial sub-sector. The multi-period attribution results of the decomposed factors can be expressed as follows:
where D 0,T − 1 denotes the multi-period effect of a relative decomposed factor over the 0-T period;
denotes the contribution of industrial sub-sector i to the multi-period effect of a relative decomposed factor over the 0-T period.
According to some previous studies [15, 45, 60] , this paper assumed that the carbon emissions coefficient of each fuel type is constant and that their effects are also negligible, andthat their values are 1, respectively. Only three decomposed factors were estimated in this paper.
Data resources, consisting of the added value of industrial sub-sectors, and the sub-sectors' energy consumption by fuel types, were collected from Xinjiang Statistical Yearbooks (2001-2015) [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] . In order to avoid the influence of the inflation, all added values were converted into a 2000 constant price. Xinjiang's industrial carbon emissions were calculated using the equation C t = ∑ i E t i × LCV i × CF t i × O i , where the subscript i denotes the fuel type; superscript t denotes the year t; C t denotes the industrial carbon emission; E i t denotes the fuel consumption; LCV i denotes the lower calorific value of energy fuel type i; CF i t denotes the carbon emissions factors of fuel type i;
and O i denotes the oxidation rate of fuel type i. These coefficients are shown in Table A1 . [76] ; b Data resource: [77] ; c Data resource: [78] . Xinjiang Statistical Yearbooks (2001-2015) [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] list about 39 industrial sub-sectors, and the sub-sectors listed in Xinjiang Statistical Yearbooks [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] for different years were not completely identical. Therefore, these sub-sectors were further merged into 15 industrial sub-sectors, as shown in Table A2 . This paper consulted the classification method in Lv [79] . 
